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(1) model (SUSY Sp(6)) is proposed as an extension








mixing. It is found that the supersymmetric (SUSY) partner ~z
0
of the extra Z
0
can signicantly cancel the other contributions to bring the mixing parameter x
d
within











Gev. Other interesting and possibly novel features of avor changing neutral currents
(FCNC) in SUSY theories with horizontal gauge symmetries are pointed out.
PACS 11.30.Pb - Supersymmetry
PACS 12.15.Ji - Applications of electroweak models to specic processes
PACS 12.15.Mm - Neutral currents
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1 Introduction
Flavor changing neutral currents (FCNC) pose very stringent tests to extensions of the
standard model (SM). They can severely limit and sometimes rule out these models (as in
the case of some technicolor models).
One of the most elegant and interesting class of extensions of the standard model are
SUSY models. The recent result [?] (among other things) of the unication of the couplings
in a SUSY GUT but not in an ordinary GUT has renewed the condence of theorists in
SUSY models. Needless to say, SUSY theories have had no serious problems with FCNC's.
Motivated by the viability of SUSY models and the successful phenomenological stud-




(1) model [?], [?], we propose a SUSY Sp(6)
model. The model is developed in analogy to the formulation of the minimal supersymmetric
standard model (MSSM) from the SM [?], [?].
In section 2, we give a brief introduction of the Sp(6) model. We then proceed to super-







(1) gauge invariant lagrangian.








Since the gluino contributions in the MSSM still hold in SUSY Sp(6), we discuss these rst.
We carefully discuss the assumptions made and the renormalization-group-modied rotation
matrices of the squark elds. We then give the explicit expression for the mixing parameter
x
d
in SUSY Sp(6). A plot of x
d
versus the top mass m
t
is made comparing the SM, MSSM,











 194 Gev. SUSY Sp(6) however, introduces




fall relatively well within the experimentally
allowable range for a large top mass. A discussion of further implications follows.
Section ?? gives our conclusions and outlook.
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(1) model (Sp(6) model) was proposed in 1984 [?] to address
the generation problem of particle physics. A common approach to introduce a \horizontal"














(1) is the familiar SM. This, how-
ever, is not very appealing since it increases the arbitrariness of the theory by adding another
gauge coupling due to G. In addition, these models tend to necessitate the introduction of
more fermions for anomaly cancellation which may also be questionable since experiment
indicates the existence of only three light fermion families.
The Sp(6) group, however, has the unique feature of unifying G and SU
L
(2) into a single
horizontal group Sp
L
(6) without introducing extra fermions into the theory for anomaly
cancellation since Sp(6) is anomaly-free. Sp(6) has a horizontal subgroup SU
H
(3) which
mixes the dierent generations. In this extension, Sp(6) has a six dimensional representation
6 , which contains the six leptons and quarks in a multiplet. Sp(6) decomposes into three 2
of SU(2) which gives rise to the doublets in the three generations of leptons and quarks.
The Lie group Sp(6) has 21 generators, T
(i)
; i = 1; 2; : : : ; 21 whose 6 6 representation





















































; i = 1; 2; 3 and 
i
; i = 0; 1; : : : ; 8 are the Pauli and Gell-Mann matrices
respectively. For future reference we assign arbitrarily T
(i)
to equations 1 and 2 in equation










i ; j = 1; 2; : : : ; 21 : (3)





= 1; 2; 3) to which Sp(6)














































































(2) are diagonal SU(2) subgroups of the relevant direct product groups.
As indicated in relation 5, the group SU
123
(2) is to be identied with the SU
L
(2) of the SM.











































Equation 6 indicates why the SU
L
(2) gauge bosons couple universally to the three generations


















(6) gauge coupling constants respectively. The

















































From equations 8 and 9, it is evident that these gauge bosons do not couple universally to the
three generations. The lightest of these extra gauge bosons which can possibly be detected
in the near future is the neutral gauge boson Z
0
.
To get the coupling of the Z
0
with the fermions, we rst write the term in the Sp(6) model
lagrangian describing the kinetic energy of the matter (fermion) elds and gauge-matter





















































































In this paper, primed fermion (and later sfermion) elds are the initial elds (as opposed to
the physical, mass eigenstate elds).
As an example of extracting the Z
0
-quark interaction terms, let us rewrite the third term





































































































we have to identify which A

j
will correspond to Z
0





















































of Sp(6). The key point






























Hence from equations 14 and 15, if we can write T
(j)




























in terms of the A

j
of Sp(6), we can then put these expressions into 13. Going























Hence, to get the term in equation 12 describing the interaction of the Z
0
with the left































































Of course, one then has to express the initial (primed) elds in terms of the physical elds
by rotating the initial elds using the appropriate unitary matrices.
Let us now describe the (minimal) SUSY Sp(6) model. To establish notation, let us list
down the particle spectrum of SUSY Sp(6) in tables 1, 2, 3, 4 and 5. We also list down their
quantum numbers in table 6.
Table 1: Gauge Bosons and Gauginos in SUSY Sp(6)
vector bosonic fermionic auxiliary




































Note that in the tables, the fermionic components are two-component spinors. For the
chiral superelds, we denote these two-component spinors by the lower case greek letter  
(as opposed to the usual four-component Dirac spinor as in equation 10 which we denote by
the upper case greek letter 	). The complete set of formulas for converting two-component


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































are two-component spinors. These conversions are indispensable in deriving
Feynman rules.
The bosonic superpartners of the ordinary fermions, namely leptons and quarks are in-
dicated by the same letter but with a tilde on top (example: if e  ! electron then ~e  !
selectron). As usual we refer to superpartners of fermions as sfermions, while for gauge












bosons respectively and their superpartners. $ and Q denote the supereld multiplet of left-
handed leptons and quarks respectively and their superpartners while the R, D and U on the
other hand denote the supereld multiplet of right-handed electron-type leptons, down-type
quarks and up-type quarks respectively and their superpartners. The two types of higgs










. As in the MSSM, we introduce
the two types of higgs to cancel the anomaly due to the superpartner of the original higgs.























































































































































































































































































































































































































































































































































































































































































































The derivation of the preceding lagrangian was done in analogy to that of the minimal
supersymmetric standard model (MSSM) [?], [?]. Some relevant formulas are found in the



























; k > 0: (26)
To be able to do calculations from the preceding lagrangian, we have to deal with the
component elds of the superelds. Instead of writing down the expansions for all the
supereld expressions in equations 21 to 23, we will just show the expansion for \prototype"
structures and then other terms which have similar structures are calculated by substituting
analogous quantities. These prototype structures are derived using equations ?? to ?? of
the appendix , the following prototype structures (V , 
i
are vector and chiral superelds
respectively)





















(x) = A(y) +
p
2 (y) + F (y)



























































One has to also take note of the fermionic, bosonic and auxiliary eld components of the
superelds as given in tables 1, 2, 3, 4 and 5. The auxiliary elds D
a
G

















for a eld . Note that the fundamental equations given above and their manipulation were
taken from reference [?]. Since their metric tensor is dierent from what we use here, we
have to adjust the signs of the terms involving the component elds.















did not simplify this to emphasize the fact that we multiply
1
2
by the hypercharge of the



















multiplet has a hypercharge
1
3
as in table 6.
For the L
YM




























































































































































































































































































































































































































































































































we have the prototype structure
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